Using an antiserum against Helicoverpa zea pheromone biosynthesis activating neuropeptide (PBAN), pyrokinin/PBAN-like immunoreactivity in the head and body of female of Liposcelis entomophila was detected by competitive ELISA. Pyrokinin/PBAN peptides were extracted and purified by reverse-phase HPLC, and the sequence were elucidated by a matrix-assisted laser desorption ionization time of flight mass spectrometer (MALDI-MS-TOF). The results showed that pyrokinin/PBAN neuropeptide was expressed in the heads of L. entomophila females. Meanwhile, it was not found in the abdomen of L. entomophila females and the head of Liposcelis bostrychophila. These results indicated that the peptide perhaps had the functions to regulate sex pheromone releasing. The sequence pyrokinin/PBAN family peptide in L. entomophila was SAGMFTPRL -NH 2 . The result of BLASTp in NCBI web showed that its sequence had largely homologous sequences with other PBAN/pyrokinin peptides sequence in other insects that were published and share a highly conserved sequence FXPRLamide in the C terminal. This result indicated that the identified peptide in L. entomophila belong to the pyrokinin/PBAN family. The purification and identification of this peptide have an important instructional meaning for cloning the gene of pyrokinin/PBAN and elucidating the release mechanism of the sex pheromone of L. entomophila.
INTRODUCTION
Sex pheromone release in most of the moth species is regulated by pheromone biosynthesis activating neuropeptide (PBAN). The PBAN is a member of the pyrokinin/PBAN family of neuropeptides, have 8 -4 amino acids in length with a common C-terminal motif Phe-X-Pro-Arg-Leu-NH2 (X = Gly, Ser, Thr or Val) (FXPRLamide) and has diverse functions in several species of insects (Gade, 1997; Rafaeli, 2002; Rafaeli *Corresponding author: E-mail: luyujie1971@163.com. Tel: +86-371-67789586 . Fax: +86-371-67789817.
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MALDI-MS-TOF, Matrix-assisted laser desorption ionization time of flight mass spectrometer; ELISA, enzyme-linked immunosorbent assay; HPLC, high performance liquid chromatography; PBAN, pheromone biosynthesis activating neuropeptide; LC, liquid chromatography. and Jurenka, 2003) as well as a crustacean (Torfs et al., 2001) . The FXPRLamide common sequence forms a type I β-turn, required for receptor recognition, it is the critical portion that determines bioactivity as was shown in all previous physiological assays (Nachman et al., 1991; Teter et al., 2002) . The mode of action of PBAN through neurohormonal activity (Rafaeli and Jurenka, 2003) and the genes of PBAN or receptor were well researched (Wei et al., 2008; Bober et al., 2010) in Lepidopteran moths. Functions of the pyrokinin/PBAN family include stimulation of sex pheromone biosynthesis (Choi and Jurenka, 2004; Rafaeli and Jurenka, 2003; Wei et al., 2004) , mediation of key functions associated with feeding (gut muscle contractions) (Predel and Nachman, 2001) , development of embryonic diapause, pupal diapause (Zhang et al., 2009) , pupariation (Zdarek et al., 1998) and defense (melanin biosynthesis) in a variety of insects (moths, cockroaches, locusts and flies) (Suwan, 1994; Raina et al., 2003) . Interesting phenomina is that the pyrokinin/PBAN family members showed cross reactivity among different members (Choi et al., 2009) .
Beyond lepidopteran moths, only in few insects so far has the presence of PBAN family peptides been researched and documented. Based on the genome wide research, the PBAN/pyrokinin peptides were found in the red flour beetle, Tribolium casteneum (Li et al., 2008) and honeybee (Apis Mellifera) (Hummon et al., 2006) . However, the physiological function of the PBAN/ pyrokinin peptides in these insects was not clearly established. Choi et al. (2009) demonstrated the presence of pyrokinin/PBAN-like peptides in the central nervous system of the fire ant, Solenopsis invicta. These investigations indicated that the functions of pyrokinin/PBAN-like peptides were widely distributed among insecta. Up till now, there have been no reports on pyrokinin/PBAN peptides in Psocoptera.
This study describes a new member of pyrokinin/PBAN peptide in Liposcelis entomophila (Psocoptera: Liposcelididae), an important and emerging stored product pest. The L. entomophila is a small (<2 mm in length) cosmopolitan insect species, originally identified on trees in tropical Africa (Badonnel, 1931) and is found in various processed and unprocessed dry foods in households, granaries, and warehouses (Tang et al., 2008; Nayak and Daglish, 2007) . The insect had developed strong resistance to phosphine and almost for all currently registered grain protectants (Nayak and Daglish, 2007) . Psocid management is reported to be difficult through aeration regulation, biological control or other fumigated methods that were researched (Wang et al., 2001; Opit et al., 2008a, b) . Mass attraction through pheromonal substances could be a good alternative approach for psocids management. Identification and understanding of the mechanism involved in pheromone release and response is a pre-requisite for such approaches and the present study is therefore aimed at describing the PBAN peptides present with L. entomophila.
MATERIALS AND METHODS

Insects
The colony of L. entomophila was estabished from nymphs collected at a wheat warehouse in Zhongxiang, HuBei Province, China in 2005. Under laboratory conditions, the colonies were reared in glass bottles (250 ml) using an artificial diet consisting of whole wheat flour, skim milk and yeast powder (10:1:1) at 27 ± 2°C temperature, 75 -85% relative humidity and a scotoperiod of 24 h. The sexes of the psocids were identified at nymphal stage using color and size (Bai et al., 2008) and were kept in isolation.
Extraction and purification of the peptide
The heads and abdomens of about 2000 L. entomophila females were dissected ascpetically and stored in microfuge tubes at -70°C.
The dissected tissues of heads and abdomens were sonicated in 200 ml of methanol/water/trifluoroacetic acid (90:9:1, v/v/v) solution at room temperature. After centrifugation at 16000 rpm for 20 min,the pellets were subjected to extraction twice as above. The collected supernatants were pooled and evaporated to dryness.
Peptide purification was performed on a HPLC-system consisting of two Model 302 piston pumps, a manometric modul 802, a model 811 mixing chamber (Waters Corporation, USA) and a LKB 2151 variable wavelength detector set at 214 nm. An Apple II computer was used to build up the desired gradient using the Gilson Gradient software. All separations were carried out on RP-C18 columns (250 mm 1 4.6 mm, 100 A°, 5 mm), the fractions were collected manually and dried by vacuum centrifugation. The manually fractions were purified as the method described in Predel et al 2001.
Preparation of Hez-PBAN antibody
In order to identify the presence of the FXPRLamide family neuropeptides in the purified fractions of HPLC, the fragments of Hez-PBAN (24 -33) (SRTKYFSPRL-NH2) (Raina et al., 1989 ) (U08109) were synthesized (Shanghai Sanggong Company, Shanghai, P.R.China). The synthesized PBAN was coupled to bovine serum albumin (BSA), (Sigma, USA) by glutaraldehyde, and the PBAN-BSA conjugate was further emulsified with Freund's complete adjuvant before injecting into rabbits at multiple sites. Two booster injections were administered at 4 weeks intervals, starting first dose. The anti-Hez-PBAN serum used in the present study was obtained 2 weeks after the final booster dose as described in Wei et al. (2004) .
Competitive ELISA
Competitive ELISA was performed as in Marco et al (1996) . Briefly, microtiter plates were coated with BSA using dimethylpimelidate dihydrochloride (DMP) (0.3 µg/mL in coating buffer, 50 µlL/well) overnight at 4°C. Then, the plates were washed with PBST, blocked with 3% nonfat milk for 1 h at room temperature and washed again.The samples and standards (eight different concentrations from 10,000 to 3.2 µM and 0), which had been preincubated with the antibody (1 /25,000 diluted in PBST) overnight at 4°C, were added to the wells (50 µl/well). After incubation for 1 h more at room temperature, horseradish peroxidase-conjugated anti-rabbit Hez-PBAN (1/6,000 in PBST, 50 µl /well) was added to the wells and incubated for 1 h at room temperature. The color was developed with tetramethylbenzidine (0.01%) H2O2 0.004% in citrate buffer, 50 µl/well). The titer of antibody Hez-PBAN was evaluated by ratio of absorption of antibody and peptides and blank at 490 nm. The immunoreactivity of different peptide extractions and purification peaks were expressed by absorbance (490 nm) of their response complex with antibody of Hez-PBAN. The data were statistically analyzed using the Duncan multiple comparison in SAS software.
HPLC fractions were centrifuged at 12,000 rpm for 5 min, and the supernatant was dried down and stored at -80°C until the ELISA analysis was complete.
MALDI-TOF mass spectrometry
The sequence of peptides was analyzed by matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) on a Voyager system 4095 mass spectrometer (Applied Biosystems, Framingham, MA) equipped with a pulsed nitrogen laser emitting at 337 nm. Samples were analyzed in reflectron mode using a delayed extraction time of 175 ns and an accelerating voltage of 20 kV. The procedures of MALDI-TOF mass spectrometry were described in Nachman et al. (2002). 
RESULTS
Pyrokinin/PBAN family neuropeptide exists in the head of female L. entomophila
The results of the competitive ELISA reaction involving extractions of head and abdomen of female L. entomophila and antibody of Hez-PBAN showed the positive reaction (Tables 1 and 2 ). The ratio of absorption of antibody and blank at 490 nm were more than 2.5 when the serum dilution factors were 1:1000 and 1:100 (Table 1 ). This result indicated that antibody Hez-PBAN had significantly conjucated with the synthesized Hez-PBAN antigen. The extract of heads of L. entomophila female showed the most significant effective conjucation with the antibody of Hez-PBAN peptide ( Table 2 ). The extract of abdomen of L. entomophila female and the heads of L. bostrychophia female showed the least binding affinity to the Hez-PBAN peptide. These results indicated that the FXPRLamide family of neuropeptides was prevalent only in heads of L. entomophia female.
Isolated and purified peptide from extracts of head of female L. entomophila had the specific reactivity with Hez-PBAN
The remaining time for fraction of standard Hez-PBAN in the HPLC was 38.89 min (Figure 2A ). There were two similar peaks (36.25 and 40.85 min) ( Figure 2B ) in fraction of the extract from heads of L. entomophila females. The purified fractions of those extracts from female heads also produced similar signal peak ( Figure  2C ). The fractions of the two peaks collected manually tested for their reactivity in ELISA also showed conjucative reactions with anti-Hez-PBAN serum (Table  3 ). The fraction of peak1 had the highest and peak 2 had little immunoreactivity the anti-Hez-PBAN serum. These results indicated that fraction from the peak1 perhaps was the pyrokinin/PBAN peptides and its sequence was subjected for analysis by MALDI-TOF-MS.
Sequence of pyrokinin/PBAN peptides identified by MALDI-TOF mass spectrometry and analysis through BLAST in NCBI
The manually collected peak1 fraction of female heads of L. entomophila from HPLC was subjected to several step purification processes (Predel and Nachman 2001 ) to achieve the purified (over 95%) peptides ( Figure 1C1 ). The purified peptide was freeze-dryed at -40°C .The sequence of the LC fraction of heads (brain) of L. entomophia females was identified as SAGMFTPRL-NH2 (Figure 2 ). When compared with the sequence of synthesized antibody SRTKYFSPRL-NH2, the LC fraction peak1 had only four same amino acid conjunct sites (FXPRL). The sequence in the C-termianal had the FTPRLamides; meanwhile, the sequence of Hez-PBAN C-terminal had the FSPRLamides (Figure 3) . Comparative homology analysis of amino acid sequences of the peptide with other Pyrokinin/PBAN neuropeptidesshowed that the peptide had the Cterminal sequence FXPRLamide (Figure 3) . The results confimed that the peptide isolated from the head (brain) of L. entomophila females had the same C-terminal sequence as that of Hez-PBAN peptide and was a pyrokinin/PBAN neuropeptide.
DISCUSSION
We have successfully purified one peptide that contained the C-terminal sequence of FXPRLamide. This neuropeptide is the first of the members of the pyrokinin-family isolated from the psocid, L. entomophila. In contrast to previous purifications of myotropic peptides from other insect species, the novel peptides discussed here were directly isolated from the head that included the suboesophageal ganglion (SG) complex, which is the major storage and release centre of neuro-secretions produced. The occurrence of the pyrokinins in these neurohemal organs is suggestive of their role as a hormone. The individuals of L. entomophila were so small that the retrocerebral complex could not be isolated and hence our present approach of using the head of females as unit to extract the peptide worked significantly to obtain the extraction successfully. The members of the FXPRLamide family have diverse biological functions such as regulation of pheromone and pigment synthesis, muscle activity and induction of diapause (Grade et al., 1996 , Schoofs, et al., 1996 Choi et al., 2009; Herbert et al., 2009) in different insects. A pyrokinin (leucopyrokinin) from cockroach Leucophaea maderae was first identified (Holman et al., 1986) as a myotropin, with subsequent myotropic peptides being identified from various insect orders (Nachman et al., 1986) . The individuals of L. entomophila were so small that we could not inject the synthesised peptide into their body and hence the biological functions were not researched this time.
The structure and pheromone activity of PBAN of Helicoverpa zea was identified by Rain et al. (1989) and subsequently the PBAN sequence of H. zea (34 amino acids), particularly the terminal sequence (24 -33) was synthesized to identify the pyrokinin/PBAN bioactivity of other insects. The neuropeptide activity was studied by injecting the synthetic peptide into the brain of insects or used as an antibody in ELISA (Jurenka et al., 1995; Altstein et al., 1999; Rain et al., 2003 , Hariton et al., 2009 . In the present study, we could not find the immunoreactivity of PBAN-like peptide in the head of another psocid L. bostrychophia female. L. bostrychophia is a parthenogenetic insect species and there are only female adults present and did not release sex pheromones (Mikac and Clarke, 2006) . Hence, the present finding that the presence of PBAN-like peptide activity in the female L. entomophila adults indicated that the sex pheromone released by females of L. entomophila attract the male to mate with it (Shao et al., 2006) . Perhaps the pyrokinin/PBAN peptide had the functions to regulate the release of sex pheromone of L. entomophila. Matrix-assisted laser desorption/ionization times-of-flight mass spectrometry (MALDI-TOF MS) has proven to be very useful for the detection of endogenous peptide patterns, at unmatched sensitivity levels, which is at the level of single organs, cells and even cell organelles (Clynen et al., 2003) . A MALDI-TOF mass spectrum of the head extracts of female adults showed almost only masses corresponding to FXPRLamides (Clynen et al., 2003; Predel et al., 2006; Herbert et al., 2009) . Based on the sequence information of this peptide, the gene of pyrokinin/PBAN peptide or the receptor of this peptide would now be studied in detail with L. entomophila.
In fact, direct use of neuropeptides for insect control is impractical as the insect cuticle contains polar lipid matrix that inhibits penetration of polar compounds like peptides, and the insect gut, hemolymph and membranes of a number of tissues contain peptidases that rapidly degrade the peptides (Nachman et al., 1995; . The development of agonists and antagonists with enhanced peptidase-resistance and cuticle/gut penetrability can overcome these limitations and represents a key step in the development of control techniques employing analogs of insect neuropeptides capable of disrupting critical life processes. The analogs of neuropeptides that penetrate the insect cuticle using the pyrokinin/PBAN class of insect neuropeptides as models are emerging (Nachman et al., 1998 (Nachman et al., , 2003 Teal et al., 2002) . Such analogs may provide leads in the development of novel insectspecific and environmentally favorable pest management agents capable of disrupting PK/PBAN-regulated physiological systems. 
